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We conducted a small pilot study examining the opinions of school teachers across 
five Welsh Primary schools on the possibility of introducing grand challenges (such 
as antibacterial resistance), and concepts to help solve such challenges (such as the 
use of living maggots to help treat infected wounds) to pupils at a young age. Our 
questionnaire-based study found that most teachers felt that this was indeed 
possible, with the majority feeling that pupils in Years 5 and 6 would be the most 
relevant and best years in which to introduce these concepts. With regards to 
introducing maggots to children as being positive and beneficial creatures, almost 
50% of teachers felt that squeamishness may be present in children of all years, but 
that disgust and dislike of maggots would exist to a greater degree in older children. 
Our exploratory results suggest that with further research, this important biological 
concept could be introduced in the curriculum of primary schools, when perhaps less 
engrained negative perceptions, and more educated awareness of the positive 











The innovative New Curriculum for Wales is in its final stages of development for settings 
and schools in Wales. It was released in April 2019 to two hundred primary schools 
with complete rollout planned throughout Wales by 2022.  The curriculum will apply 
to both English-speaking and Welsh-Medium State Schools The curriculum offers 
exciting opportunities for all pupils across all years, essentially enveloping a learner 
centric mode of teaching with clearly defined areas of learning and experience 
(AoLEs). Within such areas such as health and well-being, the organism and the 
environment, there is scope to introduce students to several of the grand challenges 
that the world’s population faces. One such grand challenge is the rise of antibiotic 
resistance, bought on by the over use of antibiotics (Ventola 2015). The WHO has 
noted that antibiotic resistance is the biggest threat to food security, health and 
development (WHO website https://www.who.int/news-room/fact-sheets/detail/antibiotic-
resistance) and spearheads a world antibiotic awareness week every year. Antibiotic 
resistance is a particular problem for people with chronic wounds, such as diabetic 
leg ulcers, where their wounds don’t respond to antibiotic courses and may result in 
amputation in the most serious cases. There is, however, a therapy available on the 
NHS that can combat this, this is Maggot therapy (MT) - the clinical application of 
living, baby maggots onto an infected, chronic wound bed.  Maggot Therapy is a 
clinically recognised and scientifically proven intervention (Dumville et al, 2009; 
Sherman 2014;  Malekian et al, 2019) and works efficiently to manage the clearing 
and cleansing of stagnant infected wounds (Gieroń, et al 2018;Yan et al, 2018), 




Despite the escalating abundance of clinical and scientific evidence supporting the 
viability and effectiveness of MT, adult public awareness and acceptance of this 
treatment is low and the general perception of maggots is inherently negative. 
Previous literature (Steenvoorde et al 2005; Jones et al 2011; Sandelowski 2010), 
and our own research findings (In Submission), support the fact that there is the 
existence of a “Yuck Factor”, a perceived squeamishness and disgust of maggots. 
Invertebrates, in general, have a ‘bad perception’ amongst the general public 
(Lorenz et al 2014, Borgi & Cirulli 2015, Fancovicova & Prokop 2018). Bees, 
however, are generally accepted and liked by the public (Sumner at al 2018). 
Relevant to the present study, Davey (1994) ranked maggots as 6th out of 35 in 
terms of animals that caused anxiety in a cohort of university students. This “Yuck 
Factor” acts as a significant barrier to the wider adoption and use of this therapy 
among the general population. 
Feeling disgust/dislike towards a particular object or organism though is not always 
innate. For example, somewhere within childhood, people may begin to learn that 
maggots are creatures related to acts of decomposition and decay. As a result, a 
negative perception of them is developed, which appears to persist into adulthood. 
But what if maggots and their medicinal properties were introduced to pupils in 
primary schools, perhaps as part of the WHO antibiotic awareness week? Could 
early education and knowledge for school-age children help combat the “Yuck 
Factor” in future generations? We know, through analysis and feedback from our 
Love a maggot Campaign (www.loveamaggot.com) that perception and attitudes 
towards maggots and maggot therapy can change for the positive once people are 
presented with the evidence base for the use of maggot therapy (In Submission). 
Research has found that children tend to show preferences for animals sharing 
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certain similarities with humans (Prokop and Randler 2018).  It has been shown, 
however, that having lessons where children have ‘hands-on’ experience with 
animals such as wood lice, snails and mice has reduced the disgust and fear 
students had before they started the lesson (Randler et al 2012, Fančovičová, & 
Prokop (2017), Wust-Ackermann et al 2018). Therefore, teachers would need to 
introduce maggots to their students in a fun and enjoyable way that eliminates or at 
least mitigates their feelings of disgust for these creatures.    
Any change to a curriculum can be considered an educational innovation (Rekkor, et 
al 2013). Therefore, the potential introduction of MT into the updated Welsh 
curriculum can be viewed through the lens of Rogers’ (1995) Diffusion of Innovations 
theory. This theoretical framework defines innovation as ‘any idea, practice or object 
that is perceived as new by an individual or other unit of adoption’ (Rogers, 1995, p. 
162). As a result, Rogers’ (1995) Diffusion of Innovations theory was used as a 
framework in the current study to better understand the feasibility of teaching MT in 
schools and what conditions would need to be in place to maximise the likelihood 
that this innovative approach to teaching the Welsh curriculum would be adopted by 
schools in the future. Figure 1 depicts the ‘Innovation-Decision’ process whereby an 
individual progresses through five distinct stages before adopting or rejecting an 
innovation: (1) knowledge; (2) persuasion; (3) decision; (4) implementation; and (5) 
confirmation. According to Rogers (1995, p. 162) “knowledge occurs when an 
individual is exposed to an innovation’s existence and gains an understanding of 
how it functions” and “persuasion occurs when an individual forms a favourable or 
unfavourable attitude towards the innovation”. These two aspects of the model as 
they applied to teachers were the main focus of the study. 
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Our study was designed to investigate the knowledge stage of this framework and if 
an increase in knowledge would persuade teachers to have a more favourable 
opinion of MT. Feedback from teachers would then inform future work on this 
innovation, specifically what information needs to be provided or what actions would 
need to be undertaken to guide teachers through each stage of the innovation-
decision process. Teachers were chosen for questioning for two key reasons. Firstly, 
in terms of curricular innovation and reform, teachers are considered to be the key 
agents of change (Rekkor et al., 2013). If an innovation is to be successful, then 
teachers need to be directly involved and have an opportunity to create a shared 
understanding of the innovation in question. Involvement of teachers at the start of 
this initiative would achieve this. Furthermore, it has been noted that teachers 
accept, modify, and reject innovations on the basis of their suitability to the needs of 
their students and classrooms (Rekkor et al., 2013). As a result, teachers would be 
best placed to understand how their pupils might feel about MT, but also whether MT 
aligns with the dispositional and attitudinal aims of the new curriculum. By 
questioning teachers, we aimed to also gain an idea of the most appropriate primary 
year group where the concept of antibiotic resistance and the benefits of using 
medicinal maggots could be realistically and beneficially introduced. These actions 
would hopefully maximise the design and future implementation of any curricular 





Our study involved five Welsh Primary Schools which we selected to include children 
with a mix and range of backgrounds, abilities and support levels as designated by 
the Welsh Government. Our study methodology was survey research and consisted 
of a paper-assessed questionnaire. The questionnaire consisted of questions with a 
choice of three closed answers indicated by a very simple nominal tick box answer 
scale (Yes/No/Not sure).  This type of design methodology is often used to research 
opinion and explore human behaviour (Ponto, 2015). We met with headteachers 
from each of the five schools to explain the project, to identify participant teachers 
and hand them a set of information sheets, consent forms and questionnaires for 
teachers to fill in and return. 
 
In Wales, , children may attend a foundation year of learning in Primary Schools at 
the age 4.  They then enter Year One of Primary School at age 5-6 years. By the 
time they reach Year Six, they are between10-11 years old. Our questionnaire was 
designed to assess teachers’ opinions on how aware they thought children of 
different ages would be, if introduced to certain key words and concepts related to 
wounds, infections, antibacterial resistance and maggot treatment. Also, we asked 
teachers how children might feel about maggots. Additionally, at the end of the 
questionnaire, we asked teachers to answer five open-ended questions on their own 
thoughts about introducing such issues at Primary level. 
 
Pupil Awareness of terminology 
Teachers were asked to assess pupil awareness of a series of important terminology 
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related to the teaching of MT (Table 1). 
Pupil perception 
We formulated a series of questions for teachers to assess what they thought pupil 
perception about maggots might be (Table 2) 
 
Teacher perception 
We asked teachers to answer the following five open-ended questions to assess 
how they themselves felt about the potential introduction of maggots and maggot 
therapy into their lessons and whether they thought that children might find this 
interesting or fun 
 
1. In your opinion, what would be the most appropriate year to introduce maggots, 
microbes and maggot therapy into your lessons? 
2. Do you think it would be possible to introduce maggots, microbes and maggot 
therapy into your lessons? 
3. Would maggots, microbes and maggot therapy be something you would be 
interested in introducing into your lesson plan? 
4. Do you think maggots, microbes and maggot therapy is something that would 
interest your pupils? 
5. Would your pupils find learning about maggots, microbes and maggot therapy 
fun? 
The whole questionnaire was prepared so it would necessitate no longer than 10 - 
20 minutes for each teacher to complete. Data encryption took place to fully 






Analysis of the questionnaire consisted of descriptive statistics based on the results 
obtained. Statistical analysis was undertaken in EXCEL and SPSS Version 22 for 
Windows. Any inferential statistical differences between the responses were assessed 





Ethical approval for this study was gained from the College of Human and Health 







Thirty-three teachers across five primary schools responded to the questionnaire. In 
a few cases, teachers did not respond to all questions and these were designated as 
‘not applicable’ responses throughout the dataset.  
 
Pupil Awareness of key terminology 
Table 3 shows the results of teacher’s opinions of pupil awareness of key terms. The 
results showed that over three-quarters of teachers felt that words such as “insect” 
and “germs” would be well understood by all year groups.  Teachers felt that children 
in younger year groups would be less aware of what a “maggot” was, and only 
51.5% of teachers said that children in Year 3 (ages 7–8) would know what this was. 
Additionally, teachers felt that younger years would also be less aware of terms 
“bacteria” or “antibiotics”, but as children progressed through the years teachers 
increasingly felt that awareness of these terms would be achieved (78.8% and 
75.8% for year 6 respectively). With regards to the most complex terminology 
“antibacterial resistance”, no teachers felt that pupils in Years 1–2 (age 5-7) would 
have an awareness of this (Table 3). This percentage, however, rose steadily for 
increasing year groups, so by the time pupils got to Year 5 and Year 6 (ages 9-11), 
39.4% and 48.5% of teachers respectively, felt that pupils would be aware of 
antibacterial resistance. 
 
Pupils perception of maggots 
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A range of questions were asked to gauge what teachers thought pupil’s perceptions 
of maggots would be (Table 4). 
Across all five primary school years, 40%-45% of teachers consistently thought that 
their pupils would feel squeamish about maggots. Teachers did not feel that this 
feeling would alter with age of pupil.  
 
Dislike and disgust 
Interestingly, when asked if teachers thought that children would “like” maggots, 
more teachers felt that younger children would.  As the age of children increased, 
teachers thought that pupils would begin to dislike maggots more, (for example 
46.9% teachers said Year 1 pupils would like them compared to 33.3% teachers 
thinking children in Year 5 would (Table 4) This would indicate that teachers consider 
that as pupils progress through school years, their perception of maggots changes to 
a more negative one.  This was also reflected when questioned about disgust. 
Teachers felt that maggots would be less disgusting for the youngest children. For 
example, 22.6% teachers indicated that Year 1 pupils would find maggots disgusting, 
compared to 34.4% for year 4, with the percentage getting slightly lower for years 5 
and 6 (28.1% and 31.3% respectively, Table 4). 
 
Fear 
Interestingly, in response to the feeling of being afraid of maggots, teachers also felt 
that younger children would have less fear. A few teachers (12.1%) thought children 
in year 2 would be scared, but more (32.3%) felt that pupils in Year 6 would be 
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scared, indicating that teachers believed that fear (of maggots) would increase with 
school age of the child. 
Teachers’ own perceptions 
The final survey questions were directed at teachers themselves who were asked to 
tell us their own opinions about various aspects of incorporation and teaching of MT 
into their lessons (Table 5a-c) 
 
 
Response to the first open-ended question was very mixed (Table 5a) with teachers 
divided on what year they thought would be the best year to introduce such concepts 
as maggots, microbes and maggot therapy into lessons. Indeed, a proportion of 
teachers (18.8%) suggested introducing the pupils to these concepts at Reception 
level. But, with increasing year groups, a greater number of teachers felt the level 
would become more suitable (25% for years 1-2 and 3-4).  The most appropriate 
year group suggested by the highest percentage of teachers (31%), was Year 5-6.  
 
 
With regards to question 2 and 3 (Table 5b) the responses were similar and mostly 
very positive (83.9% and 83.4% of teachers saying yes or possibly, respectively). 
Importantly, a percentage of teachers (16.1%) felt that it would not be possible for 
them to introduce these concepts to pupils.  Furthermore, an almost equal number 
(16.7%) said that they would not be interested in introducing MT to their lesson plan, 
indicating a degree of reluctance by some teachers to incorporate the teaching of 





The last two questions queried whether teachers thought their pupils would be 
interested in or would have fun learning about maggots and maggot therapy (Table 
5c). Responses to these questions were overwhelmingly positive (87.5% and 96.7% 
teacher said “yes” or “possibly” for interest and fun respectively). Most teachers, 







Results from this small pilot study have yielded important information on the 
possibility of teaching primary school children about a globally important medical 
issue, in line with the new Welsh Curriculum for primary schools. The majority of 
teachers surveyed in our study felt that antibiotic resistance, maggot therapy and 
learning about maggots as a beneficial insect, were concepts that could be taught at 
primary school level. Teachers were willing to introduce these topics into their 
classrooms in line with the updated Welsh curriculum. Most teachers felt that the 
appropriate year to do this would be years 5 and 6, but felt that children in Years 1 
and 2 could also benefit from learning about maggots. However, teachers 
acknowledged that they would need further support to help them independently 
implement this particular curricular innovation into their classrooms. Specifically, 
overcoming the “Yuck Factor” appeared to be a key issue for teachers. 
 
Do teachers think the “Yuck Factor” exists among their students? 
Most teachers felt that children’s squeamishness towards maggots would be the 
same for children of all ages, with teachers thinking that just under half of all pupils in 
all year groups would find maggots squeamish and that this would be unaffected by 
age of the child. This perception by teachers appears to be in line with findings from 
research studies exploring children’s development of disgust. Studies have found 
that younger children will display avoidance and general negativity when faced with 
disgust elicitors (Stevenson et al 2010), and studies of young children’s spontaneous 
conversations note that some children, under the age of 3, have words related to 
disgust (Widen & Russell 2013). In general, disgust is a late developing emotion, 
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with children most likely not to have fully developed the emotion of disgust until age 
five (Rottman 2014). It seems therefore likely that primary school children (though 
perhaps not reception class age in the UK) have a reasonable understanding of what 
is ‘disgusting’ to them, though how sensitive individuals are to disgust will vary (Viar-
Paxton et al 2015).  
However, teachers did feel that older children were more likely to display stronger 
feelings of disgust towards maggots than younger children. These results clearly 
indicate that teachers feel that there is a change in children's emotional response to 
maggots as they get older, and, by the time children reach Years 5 and Year 6, 
teachers indicated that children are already beginning to develop preconceived 
notions and negative feelings towards maggots. Indeed, ontogeny of disgust is 
believed to develop during the first eight years of life and several studies indicate 
that the disgust response becomes increasingly more pronounced in middle 
childhood (Rottman, 2014). 
 
Overcoming the “Yuck Factor” 
Taking into consideration Rogers’ (1995) Diffusion of Innovations theory, it appears 
that this pilot study was successful in making teachers aware of the value of MT 
(‘knowledge’). It was also successful in ‘persuading’ them to have a favourable 
attitude towards the inclusion of this innovation in the updated Welsh curriculum. 
Approximately 75% of those involved in this exploratory study indicating that they 
would be willing to teach MT to their students, despite their concerns about the “Yuck 
Factor” that they believe their students would have. Based on feedback from the 
teachers involved in this study, a clearer idea of what now needs to be done to 
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support the adoption of this innovative application of the Welsh curriculum in 
classrooms has emerged. 
To assist teachers in their efforts to address their students’ feelings of disgust so that 
they can discuss the use of maggots in medicine, a classroom-based resource would 
be useful. Almost all teachers thought that the pupils themselves would be interested 
in learning about maggots and would find it fun. However, when attempting to 
introduce any new topic to a curriculum, teachers note that there is a lack of time to 
teach such lessons, and (most significantly) a lack of available of lesson plans 
(Ingram & Golick 2018). Providing resources for teachers has been shown to 
increase the likelihood of classroom implementation and, when devised by 
appropriate professionals guarantees that accurate information is being used 
(McNulty et al, 2007). This can be seen, for example, in the success of bug 
investigators – a case study that enabled teachers to incorporate the teaching of 
improving children's knowledge about micro‐organisms, hygiene and antibiotics, 
justifying the value of lesson packs in the field (McNulty et al, 2007). 
Given the upcoming change in the curriculum which will require teachers to address 
the complex issue of antibiotic resistance and the success of the Love a Maggot 
Public Engagement campaign (In submission) in reducing feelings of disgust in 
children, the value of a classroom-resource pack for teachers about the role of 
maggots in medicine should be explored. Teachers in this study gave guidelines on 
the content of these packs and what children would derive most benefit from them. 
For example, our open questions gave teachers a chance to let us know what they 
thought would be the most appropriate year group to teach the concept of microbes, 
wound infection and maggot therapy. The highest percentage of teachers opted for 
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Years 5 and 6. As children progress through school years, a linear rise in their ability 
to understand, process and retain information is expected. Evidence suggests that 
children may sometimes be better, and particularly more flexible, learners than 
adults (Gopnik et al, 2017). Some studies comparing different age groups, however, 
have indicated that whilst children do show a steady improvement in certain abilities 
with age, in terms of social attribution, there is a lag effect between the ages of 6 and 
9 years but, after the age of 9, there is a year on year improvement thereafter (Hu et 
al, 2010). Whilst easier terms such as germs or insects would be well known by year 
1, teachers of all year groups indicated that awareness of slightly more complex 
keywords would increase with age of each year group in all cases, being best at 
years 5 to 6. Having an awareness of antibacterial resistance, however, was felt by 
most teachers to only be possible by pupils in years 5 to 6. 
Results of this study have provided us with useful data which may help with the 
development of a lesson pack, differentiated by year and piloted among a small 
number of schools.  We hope that this pack could be a means to help facilitate the 
introduction of wounds, bacteria, antibacterial resistance and medicinal maggots into 
the curriculum, and to provide teachers with the best resource tool. It is also hoped 
that the availability of this lesson pack will help teachers with the ‘innovation-
decision’ process outlined by Rogers (1995, p. 162). The presence of this resource 
pack may allow teachers to ‘engage in activities that lead to a choice to adopt or 
reject the innovation’. This will allow teacher to advance through stage 3 (‘Decision’) 
and Stage 4 (‘Implementation’) of Rogers’ (1995) framework. However, future 
research would need to be conducted to evaluate the content of these resource 




Currently maggots and maggot therapy are not subjects that are taught within the 
primary (or secondary) school curriculum in Wales alongside the grand challenge of 
global antibacterial resistance. Education on antibiotic resistance, and the properties 
of maggots in wound healing and disinfection of resistant species of bacteria, should 
perhaps be introduced at school level. Results of our pilot investigation suggest the 
need to explore this further since teachers felt it could be taught to children in 
primary years. There could not be a better and more urgent time to bring real world 
issues relevant to health and the environment to children in schools. If innovative 
topics like this are incorporated and embedded in the curriculum, primary school 
children would be equipped with some basic knowledge of hugely important issues 
such as the potentially humanity-threatening issue of antibacterial resistance, as well 
as the potential benefit of turning back to nature and beneficial creatures such as 
medicinal maggots, to help solve such crises. Indeed, if maggot therapy could be 
introduced early in the school curriculum, this would help to arrest the development 
or formation of any negative perceptions of maggots as (disgusting and revolting 
creatures), and instead promote them as a beneficial and useful insect. This would 
ensure that future generations of children could, through education, become aware 
and more accepting of maggot treatment, a treatment which may well be offered to 
them or their families in later years, and which could potentially, naturally and quickly 
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